SUMMARY Between 1976 and 1980, 26 patients aged 7 to 36 years had complete replacement of the aortic root with a valved homograft into which the coronary arteries were reimplanted. The main indication was the tunnel type of obstruction combining a hypoplastic valve ring, often with supra and subvalvar stenosis. Nineteen had previous operations for congenital left ventricular outflow obstructions.
The relief of "tunnel"' left ventricular outflow tract obstruction occurring as a primary lesion or after previous aortic valvotomy and resection of fixed subaortic stenosis is difficult and is associated with significant morbidity and mortality.2 The problems are to fit an adequate aortic valve replacement into a small, hypoplastic aortic root, and to relieve the associated diffuse muscular subvalvar and sometimes supravalvar narrowing.
With the increasing numbers of reoperations on patients who have had previous surgery for various forms of aortic stenosis3 4 a solution is urgently needed for this problem.
After adequate excision of the distorted, narrow aortic root and aortic valve, the left ventricular outflow tract opens up, and it becomes possible to put in an adult homograft aortic root and valve and reimplant the coronary arteries into the homograft.5 This provides good relief of obstruction and was first performed in 1972 (DR) for the emergency replacement of an infected Starr valve; the patient has maintained a good clinical and haemodynamic result to date.
Accepted for publication 22 December 1981 It is now our practice to use this operation in young patients with complex left ventricular outflow obstruction. Since 1976, in the National Heart Hospital, the operation has been used in tunnel obstructions and other forms of aortic root and valve disease where simpler forms of aortic valve replacement or enlargement of the ring have not produced good results, and we report our experience of this technique from 1976 to 1980.
Technique
In managing the complex hypoplastic aortic root, the aim is to excise the whole tunnel area of thickened hypoplastic tissue, which often includes a supravalvar stenosis, the thickened valve, a hypoplastic ring, and additional subvalvar endocardial proliferation (Fig. la) . As a first step, the aorta is opened transversely (Fig. lb) and once a decision to replace the root has 474 group.bmj.com on July 7, 2017 -Published by http://heart.bmj.com/ Downloaded from been made it is completely transected and the upper end is freed from the pulmonary artery.
The coronary arteries are identified, and it is advisable to pass curved blunt probes into them to identify their direction at this stage and during their subsequent mobilisation. The aortic wall is incised in such a way as to allow a full thickness cuff of aortic wall about 3 mm around both coronary arteries (Fig. lb) , after which the remaining aortic wall is excised boldly across the anterior mitral valve cusp and more circumspectly anteriorly across the membranous septum so as to clear the conducting tissue. The excision from the septum anteriorly leaves some fibrous remnants for the later attachment of sutures to the muscle. Any excess subvalvar endocardial proliferations and extensions can now be enucleated by blunt dissection and if the subvalvar hypertrophy is gross a formal subvalvar myotomy and wedge resection of muscle can be added.
With a bougie in place in the left coronary artery this vessel should be mobilised freely and carefully so as to avoid subsequent tension or torsion when it is reattached to a larger aortic homograft.
Multiple interrupted 4/0 Prolene sutures are now used to attach the lower margin of the horizontally trimmed homograft to the corresponding areas of the previous valve excision. At least 24 sutures are required, dividing the circumference into four sections with six to eight sutures in each. It is convenient to tie these down over a thin 4 mm strip of Teflon felt to aid haemostasis and to avoid cutting through the muscle of the homograft.
The left coronary artery is now attached to a corresponding excised orifice in the left coronary sinus of the homograft and this is achieved with a closely placed continuous suture of 6/0 Prolene.
The upper margin of the homograft is then trimmed and sewn to the transected aorta with a continuous 4/0 Prolene suture.
With a temporary clamp on the right coronary ostium of the homograft the aortic clamp is released after exclusion of air and the new aortic root is observed under pressure (Fig. Ic) . This enables haemostasis to be checked and, more important, the best point of attachment of the right coronary to be determined. This is a necessary precaution since the position of the right coronary is variable and may not correspond with the corresponding orifice on the homograft. An appropriate site for the right coronary is chosen; the aortic clamp is reapplied and the right coronary is attached in the same way as the left with a running 6/0 Prolene suture. The complete aortic valve and root replacement is shown (Fig. Id) .
Subjects
Between May 1976 and August 1980, 26 patients aged 7 to 36 years had total aortic valve and root excision and replacement with a "fresh" aortic homograft together with reimplantation of the coronary arteries.
After operation patients were examined at six monthly or annual intervals with repeated electrocardiograms, phonocardiograms, M-mode echocardiograms, and chest radiographs. Since 1978 two dimensional echocardiography has provided accurate additional information on the state of the aortic root, valve, and subvalvar region.
Recatheterisation was performed in 16 patients three weeks to 21 months after operation when agreed to by the patient and referring physician. Two Somerville, Ross patients (cases 8 and 16) had a second postoperative catheter study. Gradients across the left ventricular outflow tract were measured at rest and after isoprenaline challenge. At the same investigation, routine biplane ascending aortography to identify the reimplanted coronary arteries and to assess aortic regurgitation and cusp movement, and left ventricular angiography were done.
The dominant lesion for which previous surgery and/or aortic root replacement was performed has been summarised (Table 1) .
Twelve patients had one previous operation and seven had two or three previous operations. Only seven had the procedure as a primary operation.
Preoperative state of patients CLINICAL The age distribution of the patients at the time of operation and the number of patients operated upon each year are shown ( Fig. 2a and 2b ). The youngest was 7 years and the oldest was 36 years (mean age 17 years 9 months); 16 were in the second decade. There were 15 male and 11 female patients. Eighteen had symptoms and eight were symptom free.
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Other congenital cardiovascular anomalies were present or already treated in 10 patients. These were; coarctation (two), ventricular septal defect (two), atrial septal defect (one), persistent duct (one), mild pulmonary stenosis (one), left pulmonary artery stenosis (one), double left coronary orifice (one), and mild/moderate mitral regurgitation (five).
In 11 a myotomy was performed, with additional wedge resection of muscle from the massively hypertrophied ventricular septum in nine. One (case 13) had mitral annuloplasty for moderate mitral regurgitation and another (case 23) had repair of a cleft in the mitral valve and closure of a residual ventricular septal defect. One permanent pacemaker was implanted with epicardial leads (case 14) and a large duct was sectioned in case 2 after the aortic root replacement.
Results

DEATHS
One patient (case 3), aged 12 years, with tunnel obstruction and anomalous mitral papillary muscle attachment contributing to the obstruction died 48 hours after operation. This papillary muscle could not be excised because chordae were attached along its length, though after a difficult operation (bypass time two hours) the heart came off bypass easily with intermittent atrioventricular block, and there was no residual gradient across the left ventricular outflow tract. He died from left ventricular failure without evidence of valve dysfunction or coronary obstruction.
One 
FOLLOW-UP
The exact status of 22 of the 24 survivors is known to date. Two have not been seen at the National Heart Hospital since discharge after operation; one (case 13) returned to Mauritius and has been seen on television playing football and the other (case 21) refuses to attend as she considers herself normal. She is reported to have no murmurs.
The other 22 patients were free of symptoms and living normal lives one to five years later. None had signs of aortic stenosis. Trivial angiographic aortic regurgitation which was present in four was not audible in any.
New left bundle-branch block appeared in one patient (case 16) immediately after operation and was already present in another. The electrocardiogram showed a reduction in left ventricular hypertrophy in 13 patients, and in five patients the grade of left ventricular hypertrophy remained unchanged. The four patients with permanent pacemakers were pacing satisfactorily and leading normal lives.
Calcification in the homograft aortic walls developed in three aged 7 to 11 years (Fig. 3) . The aortic valve cusps were not calcified and continued to show clear opening and closing sounds (see phonocardiogram beneath Fig. 7) .
Long-term anticoagulants were not used. Routine prophylaxis for all dental manipulations was advised.
POSTOPERATIVE INVESTIGATION
Cardiac catheterisation was performed in 16 patients, three weeks to 21 months after operation. Two patients had two studies, one three weeks and 14 months and the other five weeks and eight months after operation. The resting gradients across the left ventricular outflow tract were 0 to 33 mmHg in the 16; all were subvalvar and there were no gradients across the valve (Fig. 4) . Nine Aortography showed normal looking roots with coronary orifices and arteries well filled in 15 of the 16 patients ( Fig. 5a and b) . In case 2 the left coronary artery had been repaired at operation and was not seen. The left ventricular outflow seemed to have increased in size and appeared anatomically more normal than before operation ( Fig. 6a and b) .
The clinical state of the nine patients who have not had postoperative invasive investigation and the reasons they have not been restudied are summarised (Table 2) . Two dimensional echocardiography in seven of the nine not invasively investigated and 11 of the 16 restudied patients showed no outflow obstruction, a normally opening aortic valve, and no fluttering of either the aortic or mitral valves. The aortic root appeared slightly thickened in some and normal in others. M-mode echocardiogram showed normal left ventricular cavities and function with a central normal closure line of the homograft aortic valve (Fig. 7a and b group.bmj.com on July 7, 2017 -Published by http://heart.bmj.com/ Downloaded from for young patients and particularly women of child bearing age. Valve replacement alone, however, is often inadequate to relieve the outflow obstruction in these tunnel obstructions and is difficult to site in the small root. Once the root is excised the picture changes because the whole area opens widely enough to accept an adult sized graft in patients over 5 years of age.
Though this is a more complex procedure than a valve replacement it provides complete relief of the dynamic problems. We feel it is justified as the main aim of surgical treatment in congenital aortic stenosis is to produce or preserve normal left ventricular function. Inevitably, problems are likely to arise during the learning phase of any new surgical venture. Their recognition and solution is preferable to a denial of the value of a procedure because of early morbidity and mortality. Operative morbidity has been related to two problems: the siting of the coronary vessels and trauma to the conducting tissue.
Early in the series it was recognised that a patient would come off bypass easily but would develop deteriorating left ventricular function as the systemic pressure rose. It was clear that the left coronary artery flow was compromised but careful examination on bypass at first failed to demonstrate a cause. It became apparent that the difficulty was the result of tension on the left coronary artery which was stretched by the distended adult sized aortic sinus to meet the orifice of a much bigger adult aortic root homograft. Coronary grafts were necessary to salvage this situation. In all subsequent cases, free mobilisation of the left coronary artery has prevented this complication. Case Heart block was distressingly common at first but has only occurred once in the last eight patiens-a girl having her third operation. The cause was too low an excision of the root in the region of the membranous septum between the right and non-coronary cusps or the subsequent placing of attaching sutures. This complication can be avoided by attention to the vul-481 nerable segment of ventricular septum.
As yet, in the short period of follow-up of one to five years, there have been no other complications and no evidence of progressive damage to the conducting tissue or the coronary arteries. The valves presumably, like other homografts and autografts, must be liable to infective endocarditis and thus the patients should receive careful advice about prophylaxis, though this complication had not in fact occurred. Another hazard of a tissue valve is that it may be infected at the time of insertion when sterilised in antibiotic solutions, but this is now extremely rare in our laboratory. A greater problem is the availability of material which may prevent many centres using this technique.
Calcification occurs sooner or later in all biological graft material whether homograft, xenograft, dura mater, pericardium, or fascia lata. Experience of aortic valves on the right and left side of the heart shows that it occurs early in the graft aortic wall but only exceptionally affects the cusps during the first decade of follow-up. In patients under 10 years it was radiologically apparent by the end of the second year but the cusps remained pliable, opening and closing normally without regurgitation, and the coronary orifices are widely patent. The long-term record of homografts, however imperfect, is far superior to that of xenografts, pericardial valves, and dura mater in younger patients.
It is accepted that a further operation will be needed eventually as with any valve replacement. If the homograft valve and root behaves as it does after right ventricular outflow tract reconstruction in patients from the same age group then it should not be required until the second decade of follow-up. The technical problems this will involve have yet to be discovered. Since a disc of native aorta has been left around the coronary orifices, they should not become obstructed.
Clearly this operation provides excellent relief of fixed and dynamic obstruction. Its use has been extended to other forms of aortic valve and root disease such as severe aortic regurgitation and ring destruction by infection where it is difficult to site a conventional homograft or autograft.
In view of these results it is now our policy to use this technique for all tunnel obstructions with small or diseased aortic roots. It is also indicated in those young patients with aortic regurgitation and important ring dilatation and in selected patients with active aortic valve endocarditis.
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